Reimmunization guidelines have recommended the inactivated HAV vaccine for hematopoietic stem cell transplant (HSCT) recipients living in or traveling to areas where hepatitis A is endemic. As a shift from high to medium hepatitis A endemicity has been observed in several countries in Latin America, we conducted a retrospective study to evaluate the prevalence of hepatitis A pre-bone marrow transplant (BMT) and the loss of specific antibodies in consecutive stored serum samples from 77 BMT recipients followed up from 82 to 1530 days. The prevalence of HAV antibodies was 92.2% before BMT. As vaccine was not available in Brazil when the samples were taken, it was assumed that this prevalence reflects natural infection. Survival analysis showed that the probability of becoming seronegative was 4.5% (72.6%), 7.9% (73.4%), 10.1% (74.0%), 23.4% (79.6%) at 1, 2, 3 and 4 years after transplant, respectively. The loss of HAV antibodies was significantly associated with longer follow-up (P ¼ 0.0015), younger age (P ¼ 0.049) and acute graft-versus-host disease (P ¼ 0.035). As most reimmunization protocols start around day þ 365, in developing countries with similar HAV endemicity, BMT recipients should have serological screening before HAV vaccination and the inactivated vaccine should be advised to those seronegative.
Introduction
Hepatitis A virus (HAV) generally causes mild and selflimited liver disease in immunocompetent hosts. However, few patients can develop fulminant hepatitis with fatality rates around 60%. 1 As no case of HAV disease has been reported in hematopoietic stem cell transplant (HSCT) recipients, the morbidity or the risk of a fulminant course of hepatitis A in these patients is unknown. Seroepidemiological studies have demonstrated that the prevalence of HAV infection is decreasing in Brazil and the peak age of infection moving from early childhood to young adults. During this transitional phase of decreasing endemicity, HAV can circulate among a growing number of susceptible individuals and cause an outbreak. 2, 3 Post transplant reimmunization guidelines have indicated the inactivated HAV vaccine for susceptible HSCT recipients living in or traveling to areas where HAV infection is endemic. 4 However, few data are available concerning the loss of specific HAV immunity over time 5 and ultimately, the need of including inactivated hepatitis A vaccine in reimmunization protocols of developing countries.
In the present study, we evaluate the probability of loss of HAV antibodies in bone marrow transplant (BMT) recipients living in the highly populous city of Sa˜o Paulo, Brazil, and the risk factors associated with the loss of HAV antibodies over time.
Methods

Population
The prevalence of pre-transplant HAV infection and the probability of loss of specific antibodies were evaluated in stored serum samples from 77 consecutive BMT recipients. The patients included in this study were transplanted from 1994 to 1997 and followed up at the BMT program of the University of Sa˜o Paulo Medical School. Inactivated HAV vaccine was not available in Brazil during this period; consequently, it was assumed that the detection of specific IgG antibodies reflects naturally acquired HAV infection.
Sample selection
Serum samples were routinely taken biweekly as part of the viral surveillance policy adopted in our Institution and stored at À201C. For this study, the serum samples were selected with a 3-month interval, approximately, from conditioning up to the end of serological follow-up or patient's death. Three hundred and twenty samples were included, median five samples (2-11) per patient.
HAV serology
Hepatitis A virus antibodies were detected using a qualitative enzyme immunoassay (DiaSorin, Saluggia, Italy) according to the manufacturer's recommendations. This assay has been shown to have good sensitivity, with a lower limit of detection of 20 mIU/ml in comparison with other tests that have lower limit of detection of 100 mIU/ml. 6 Results were expressed as positive or negative. Detection of IgM HAV antibodies was performed in pre-transplant seronegative patients who showed transient IgG seroconversion during follow-up to differentiate acute HAV infection from passively acquired antibodies through blood transfusion.
Statistical analysis
The cumulative probability of loss of specific HAV antibodies was evaluated by cumulative incidence analysis by accounting for competing risks. The event is considered the loss of HAV antibodies and remaining events (death and relapse) as censoring. 7 Additional analyses were performed using (simple and multiple) logistic regressions. The variables evaluated included age, gender, type of BMT, underlying disease, conditioning regimen, acute and chronic graft-versus-host disease (GVHD) and time to the event or follow-up.
Results
Seventy-one patients (92.2%) had HAV antibodies before BMT. Median patients' age was 26 (3-58) years old and median follow-up was 644 days (ranging from 82 to 1530 days). Patients' characteristics are shown in Table 1 .
Eight of the 71 seropositive patients (11.2%) lost specific antibodies at a median of 467 (189-1124) days after transplantation.
Survival analysis showed that the probability of becoming seronegative was 4.5% (72.6%), 7.9% (73.4%), 10.1% (74.0%), 23.4% (79.6%) at 1, 2, 3 and 4 years after transplant, respectively (Figure 1) . Table 2 shows the cumulative incidence rate along with 95% confidence intervals. Using the survival analysis technique and adjusting for competing risks, the loss of HAV antibodies was significantly associated with longer follow-up (P ¼ 0.0015), younger age (P ¼ 0.049) and acute GVHD (P ¼ 0.035) ( Table 2) .
Four of the six seronegative patients showed a transient 'seroconversion' during follow-up. The patients were asymptomatic, with normal levels of liver transaminases and IgM antibodies persistently negative during those episodes, suggesting passively transferred antibodies through blood transfusion rather than natural HAV infection.
Among the eight previously seropositive patients who lost HAV antibodies during follow-up, two patients also showed a transient 'seroconversion' coinciding with the administration of intravenous immunoglobulin and returned to the seronegative status in samples taken after 3-5 months.
Discussion
The seroprevalence of HAV antibodies was high (92.2%) in patients undergoing BMT from 1994 to 1997. As HAV vaccine was not available in Brazil during this period and intravenous immunoglobulin was never used before transplantation, seroprevalence probably indicates naturally acquired HAV infection.
Hepatitis A virus infection was highly prevalent in Brazil up to the eighties. However, in some cities median prevalence rates have dropped from 65.6% in children younger than 7 years old to 32.1% in adolescents and young adults from 1978 to 1995. 2 Recent epidemiological studies have shown a shift from high to medium endemicity in Brazil as well as in other countries of Latin America increasing the risk for outbreaks. 3 As BMT recipients can lose their immunity against several diseases such as polio, 8 tetanus, 9 diphtheria, 10 measles, 11 etc, the loss of HAV antibodies must be well known in these countries.
Patients who lose HAV antibodies may probably be at risk of acquiring hepatitis A. Actually, the absolute lower limit of antibody required to prevent HAV infection has not been defined. In vitro studies using cell culture-derived virus indicate that antibody levels lower than 20 mIU/ml can be neutralizing. Experimental studies in chimpanzees showed that passively transferred antibodies in concentration lower than 10 mIU/ml did not protect against infection but did prevent clinical hepatitis and virus shedding. 6 Also, the persistence of B memory cells could promote a rapid increase of HAV antibodies and protect against disease in the case of natural exposure to HAV, as observed in other viral infections such as measles. 11, 12 Using a sensitive assay for HAV antibody detection (lower limit detection of 20 mIU/ml), we observed that the probability of loss of specific antibodies was low 1 year after transplant (4.5% (72.6%)), but increased over time up to 23.4% (79.6%) 4 years after BMT, in patients with previous HAV infection.
A similar study in Argentina, including a smaller number of patients, have shown lower prevalence rates (68%) but increased loss of HAV antibodies (14%) up to one year after BMT. It is important to highlight that the mentioned study was cross-sectional and eight of the 36 patients were tested before the sixth month of transplantation, when loss of HAV antibodies is unlikely. The authors commented that higher rates of antibody loss would probably be observed if all patients had been tested after the first year of BMT. 5 On the other hand, one could argue that the authors could be assigning as 'negative', seropositive patients but with antibodies titers lower than the limit of detection of the test, depending on the sensitivity of the assay. In this case, the loss of HAV antibodies would be overestimated in the mentioned study.
The lower loss of HAV antibodies observed in the present study could also be explained by the possibility of natural booster during follow-up, as the virus is still circulating with great activity in our country.
Among the variables tested, we could demonstrate that younger age; acute GVHD and longer time since BMT were predictors of HAV antibody loss. Dignani et al. Another difference between our study and the study of Dignani et al.
5 is concerned to the source of hematopoietic stem cells (HSC); bone marrow versus peripheral blood, respectively. However, the role of the source of HSC on the loss antibodies to HAV or to other viral infections remains to be demonstrated.
It is possible that in areas where the prevalence rates and the intensity of virus circulation are decreasing, the loss of HAV antibodies may be accelerated due to the lack of natural boosters, creating the ideal condition for the emergence of outbreaks. These areas would benefit of hepatitis A vaccine inclusion in post transplant reimmunization protocols, even though no data are available on the efficacy or immunogenicity of HAV vaccine in BMT recipients.
Based on the data of the present study, we recommend that BMT recipients should perform serological screening around day þ 365, in developing countries with similar HAV endemicity. The HAV inactivated vaccine should be advised to those seronegative.
The data from the present study are concerned to patients with naturally acquired HAV infection and should not be extrapolated to BMT recipients who had received HAV vaccine before transplantation. As vaccineinduced immunity is generally shorter than that acquired by natural infection, similar studies are necessary to evaluate the loss of HAV antibodies in vaccinated BMT recipients. 
